




















































	 The	graph	for	profiles	A5	and	A6	in	Figure	10	mostly	shows	trends	that	are	equal	to	or	shallower	than	the	2.7	g	cm-3	trend.		That	for	A7	is	more	confused,	though	the	profile	in	Figure	9a	suggests	some	sympathetic	variation.		 The	Akademik	Selskiy	data	also	contain	two	segments	where	there	are	basement-Bouguer	correlations	(marked	"c"	and	"d"	in	Figure	6	and	highlighted	by	grey	bars).		The	corresponding	graph	in	Figure	10	contains	data	segments	with	the	expected	gradients	for	basement	densities.		Basement	topography	with	little	or	no	Bouguer	anomaly	variation		 In	a	few	segments	of	the	data,	we	find	basement	elevated	by	a	few	hundred	metres	or	more	coinciding	with	subdued	gravity	anomalies.		For	example,	at	"c"	in	profile	A5-A6	(Figure	9b),	there	is	a	basement	high	of	a	few	100	m	with	two	extreme	local	highs	(seamounts)	that	is	associated	with	a	weak	Bouguer	high	of	only	~4	mGal.		At	1˚N	in	profile	A3,	a	similarly	extreme	relief	is	associated	with	a	gravity	low.		At	5˚N	in	profile	A7,	a	basement	high	of	>500	m	is	accompanied	by	negligible	Bouguer	anomaly.		 These	features	are	most	likely	caused	by	thickened	crust	underlying	seamounts	or	groups	of	seamounts.		Figure	12a	shows	seamounts	occurring	in	bathymetry	collected	with	multibeam	sonars	in	the	northerly	parts	of	profiles	A4-A7.		In	the	Akademik	Selskiy	data,	local	basement	highs	EH1	and	EH2	are	also	associated	with	subdued	Bouguer	anomalies	(Figure	6).		The	Moho	imaged	seismically	beneath	EH1	appears	to	be	500-1000	m	deeper	than	areas	a	few	degrees	of	longitude	either	side	of	the	high.		There	is	less	clearly	local	deepening	of	the	Moho	beneath	EH2,	though	the	Moho	is	noticeably	shallower	under	the	adjacent	low	EL2.		(Although	an	explanation	is	unclear,	EH2	interestingly	
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Conclusions		 Pelagic	sediments	up	to	600	m	thick	obscure	basement	in	the	equatorial	Pacific,	preventing	a	simple	comparison	of	the	gravity	field	with	bathymetry	data.		Depths	of	basement	were	therefore	derived	from	these	three	seismic	reflection	datasets	that	cross	this	region	and	combined	with	re-evaluated	seafloor	spreading	magnetic	anomalies	(Barckhausen	et	al.	2013).		After	correction	for	sediment	isostatic	loading,	these	depths	reveal	a	simple	plate-cooling	trend	with	a	subsidence	rate	of	313	m	m.y.-1/2	south	of	the	Clipperton	FZ	(AMAT03	and	Venture-1	datases)	and	343	m	m.y.-1/2	immediately	north	of	it	(Akademik	Selskiy	dataset).		These	rates	are	broadly	consistent	with	results	of	previous	studies	of	this	area	that	had	been	based	on	interpolated	datasets.		 Bouguer	anomalies	were	computed	from	free-air	gravity	anomalies	using	the	slab	formula	to	correct	for	the	seabed	density	contrast.		The	resulting	anomalies	in	some	places	do	not	vary	with	basement	topography,	suggesting	areas	of	crustal	thickness	variation,	such	as	around	seamounts.		In	other	areas,	however,	basement	topography	varies	in	a	similar	way	to	that	noted	from	bathymetry	datasets	elsewhere	over	gravity	lineaments,	forming	low	relief	(100s	of	m)	swells	over	~100	km	or	smaller	length-scales.		Bouguer	gravity	anomalies	vary	over	these	features	with	an	apparent	basement	density	that	varies,	but	includes	2.7-3.3	g	cm-3	densities	expected	of	basalt	to	mantle	lithologies.		 The	gravity	lineaments	in	the	equatorial	Pacific	have	remarkably	varied	orientations.		Some	are	oriented	parallel	to	Pacific	plate	flow-lines,	changing	
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direction	north	of	the	Clipperton	FZ,	as	expected	from	the	different	plate	direction	prior	to	30	Ma	if	a	mechanism	such	as	small-scale	convection	formed	them.		However,	other	lineaments	are	oriented	with	directions	that	are	not	explainable	by	plate	motion,	so	they	require	other	mechanisms	to	be	considered,	such	as	viscous	inter-fingering	in	the	asthenosphere.		Despite	the	thick	sediment,	the	fine-scale	abyssal	hill	morphology	is	commonly	observed	because	the	sediment	is	pelagic	and	tends	to	drape	the	underlying	basement.		We	note	that	there	are	very	few	indications	of	faults	crossing	the	abyssal	hills	that	might	be	expected	if	the	gravity	lineaments	were	produced	by	extension.		 Our	detailed	investigation	has	highlighted	an	area	~400	km	across	where	residual	basement	elevations	are	unusually	depressed.		From	a	simple	Airy	isostatic	argument,	oceanic	crust	in	this	area	is	~2	km	thinner	than	outside	the	area.		We	suggest	that	this	thin	crust	was	created	at	the	EPR	for	a	period	when	the	ridge	overlay	depleted	mantle.		
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	Figure	1.		Some	explanations	for	the	gravity	lineaments.		(a)	Vertical	stresses		(arrows)	caused	by	small-scale	convection	(Buck	and	Parmentier	1986;	Haxby	and	Weissel	1986)	or	viscous	inter-fingering	in	the	asthenosphere	(Holmes	et	al.	2007;	Weeraratne	et	al.	2007)	deform	the	lithosphere.		(b)	Extension	leads	to	boudinage	of	the	lithosphere	(Winterer	and	Sandwell	1987).		(c)	Thermal	contraction	increases	with	depth	in	the	plate,	creating	a	torque	that	buckles	the	lithosphere	(Cormier	et	al.	2011;	Gans	et	al.	2003).		Volcanic	edifices	("V?")	can	be	emplaced	at	locations	of	extension	lying	in	basement	valleys	in	(b)	and	(c)	but	at	highs	overlying	hot	asthenosphere	in	(a).		
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a:
	b:	
	Figure	2.		(a)	Bathymetry	of	the	central	equatorial	Pacific	(Ryan	et	al.	2009)	along	with	(white	lines)	ship	tracks	for	cruises	AMAT03	(RV	Revelle)	and	Venture	1	(RV	Washington)	and	(grey	line)	RV	Akademik	Selskiy.		Tracks	are	shown	in	bold	where	seismic	data	were	interpreted.		Bold	annotation	V1	and	A1	to	A7	locate	segments	of	the	tracks	referred	to	in	the	text.		Red	crosses	are	magnetic	anomaly	locations	of	Barckhausen	et	al.	(2013)	and	solid	black	contours	are	crustal	ages	every	1	m.y.	derived	from	them	(bold	contours	every	
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10	m.y.).		Small	solid	circles	along	the	East	Pacific	Rise	locate	sampled	axial	depths	shown	in	Figure	7.		Open	circles	represent	scientific	drilling	sites.		"FZ"	represents	"fracture	zone".		(b)	Free-air	gravity	anomalies	of	the	central	equatorial	Pacific	derived	from	satellite	altimetry	measurements	(Sandwell	et	al.	2014)	(their	version	23).		
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	Figure	3.		(a)	Free-air	gravity	anomalies	of	Figure	2b	filtered	with	a	400-km	wide	cosine-weighted	filter	(Wessel	and	Smith	1991)	highlighting	anomalies	with	a	likely	deep	(mantle)	source.		Also	shown	along	the	ship	tracks	here	and	in	(b)	with	the	colour	scale	lower	right	are	residual	elevations	representing	the	
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deviations	of	the	basement	elevations	(corrected	for	sediment	isostatic	loading)	from	the	regressions	in	Figures	7	and	8.		(b)	High-pass	free-air	anomalies	obtained	by	subtracting	the	filtered	anomalies	in	(a)	from	the	anomalies	in	Figure	2b,	effectively	representing	anomalies	more	likely	arising	from	basement	and	seabed	topography	and	crustal	density	variations	(anomaly	scale	as	in	(a)).		Dashed	and	dotted	lines	are	flow-line	reconstructions	from	a	point	at	110˚W,	3˚S	using	the	WK08-G	and	WK08-A	models	of	Wessel	and	Kroenke	(2008),	with	every	10	m.y.	marked	with	closed	circles.		(c)	As	(b)	though	shown	with	high	contrast	to	highlight	trends.		FAA	<-5	mGal	is	shown	black,	FAA>5	mGal	in	white	and	-5	mGal<FAA<5	mGal	in	mid-grey.		Green	lines	show	seismic	cruise	tracks.		Red	arrows	annotated	"A"-"F"	indicate	different	lineament	trends	in	this	map	that	are	discussed	in	the	text.			
	Figure	4.		Example	of	AMAT03	seismic	reflection	data	with	basement	marked	(white	arrows).		Survey	line	is	marked	in	Figure	2a.		
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	Figure	5.		Interpreted	seabed	and	basement	reflection	two-way	times	from	
Revelle	cruise	AMAT03	(Dubois	and	Mitchell	2012).		For	each	line,	reflection	times	are	plotted	with	fixed	directions,	as	indicated	by	the	open	arrows,	and	with	the	scale	shown	by	the	1000	ms	scale	bar	(after	subtracting	a	5000	ms	offset).		Basement	is	in	bold.		Also	shown	along	the	ship	tracks	with	the	colour	scale	shown	upper-right	are	residual	elevation	representing	the	deviation	of	the	basement	elevation	(corrected	for	sediment	isostatic	loading)	from	the	regression	in	Figure	7.		
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	Figure	6.		In	lower	panel,	depths	of	seabed	(light	line),	basement	(bold	line)	and	Moho	(cross	symbols)	reflections	along	the	Akademik	Selskiy	line	(Figure	2a)	are	shown,	along	with	crustal	thickness	(grey	line,	scale	to	right).		Crustal	ages	given	along	the	base	of	the	graph	are	from	Müller	et	al.	(2008).		Middle	panel	shows	(blue	line)	free-air	gravity	anomalies	(FAA)	derived	from	satellite	altimetry	measurements	(Sandwell	et	al.	2014)	and	(green	line)	model	anomalies	derived	using	the	gravity	slab	formula.		In	upper	panel,	red	line	shows	Bouguer	anomalies	with	long	wavelength	variations	removed.		Black	line	shows	residual	elevations	relative	to	the	subsidence	trend	in	Figure	8,	while	pink	line	shows	
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residual	elevations	calculated	allowing	for	crustal	thickness	variations	as	Hoggard	et	al.	(2017).		EH1,	EH2,	EL1	and	EL2	are	highs	and	lows	in	residual	elevations	mentioned	in	the	main	text.		Grey	bars	highlight	two	segments	with	somewhat	straightforward	correlations	between	Bouguer	and	residual	elevation.		
	Figure	7.		Depth	of	basement	versus	square	root	of	crustal	age	for	the	data	in	Figure	5,	with	ages	based	on	identifications	of	Barckhausen	et	al.	(2013).		Points	represent	individual	seismic	horizon	picks	and	red	circles	represent	their	averages	computed	every	0.5	m.y.1/2.		Dashed	line	is	a	simple	least-squares	regression	through	the	full	seismic	dataset	(not	averages).		Annotation	L1,	L2	and	H1-H4	represent	areas	of	residual	elevation	lows	and	highs	referred	to	in	the	text.		Blue	dots	at	zero	age	are	EPR	depths	sampled	from	the	bathymetry	data	as	
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shown	in	Figure	2a	and	green	circle	is	their	average.		These	EPR	depths	were	not	used	in	the	regression	but	are	shown	to	highlight	the	offset	at	zero	age.				
	Figure	8.		Subsidence	trend	of	basement	depth	in	the	RV	Akademik	Selskiy	seismic	reflection	data	(Eittreim	et	al.	1994)	located	in	Figure	2a.		Crustal	age	was	derived	from	the	isochrons	of	Barckhausen	(2013)	and	global	age	grid	of	Müller	et	al.	(2008)	(their	version	3.6).		Dashed	red	line	is	least	squares	regression	fitted	to	the	data	over	the	range	shown.			 	
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a:	
	b:	
	 45	
	Figure	9.		Profiles	of	seabed	and	basement	elevation	(black	lines)	and	free-air	gravity	anomaly	(FAA,	blue)	and	high-pass	filtered	Bouguer	gravity	anomaly	(red)	located	in	Figure	2a:	(a)	parallel	to	crustal	isochrons	and	(b)	crossing	isochrons.		Fine	dark	red	line	shows	those	Bouguer	anomalies	smoothed	with	a	50-km	wide	cosine-tapered	filter.		Annotation	"a",	etc.,	refer	to	FAA	peaks	discussed	in	the	text.		In	graph	for	A4,	blue	solid	circles	represent	averaged	FAA	for	-1˚	to	0˚	and	1.5˚	to	2.5˚N.		In	that	graph,	horizontal	bars	are	FAA	predicted	at	1.5˚	to	2.5˚N	from	the	change	in	bathymetry	and	basement	from	-1˚	to	0˚	for	Airy	compensated	topography	(green)	and	topography	not	locally	supported	(red).		
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	Figure	10.		Variation	in	high-pass	filtered	Bouguer	anomaly	with	basement	residual	elevation	for	the	various	seismic	lines	(marked	in	upper-left	of	each	
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panel).		"A.	Silskiy"	represents	the	RV	Akademik	Silskiy	line.		Overlain	in	red	for	V1-A7	are	the	data	shown	after	a	50-km	cosine-tapered	filter	was	applied	to	remove	short	wavelength	fluctuations.		All	data	for	the	Akedemik	Silskiy	data	have	this	filter	applied.		Red	and	blue	in	that	panel	show	data	corresponding	to	the	extents	of	the	two	grey	bars	in	Figure	6.		Three	lines	in	upper-left	panel	and	reproduced	in	other	panels	show	the	trends	to	be	expected	if	gravity-elevation	changes	were	due	to	a	single	interface	between	sediment	(1.5	g	cm-3)	and	the	density	shown.		
	Figure	11.		Residual	elevations	derived	here	from	the	seismic	reflection	datasets	compared	with	those	of	Crosby	et	al.	(2006).		
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	Figure	12.		Examples	of	bathymetry	data	from	multibeam	sonars	incorporated	in	the	Ryan	et	al.	(2009)	dataset	(maps	created	using	the	GeoMapApp	data	browsing	tool	(www.geomapapp.org)).		(a)	Area	adjacent	to	Clipperton	FZ	
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including	northern	parts	of	lines	A4-A7	showing	region	of	small	seamounts.		(b)	Southern	area	encompassing	the	Galapagos	FZ	with	few	seamounts.		In	both	panels	colours	from	dark	blue	to	white	correspond	to	4800	to	3800	m	depths	and	illumination	is	from	N80˚W.		Multibeam	data	lie	about	tracks	marked	with	solid	black	lines,	whereas	other	lower-resolution	bathymetry	in	each	map	was	derived	from	satellite	altimetry	or	sparse	single-beam	echo-sounder	data	(Ryan	et	al.	2009).		
	Figure	13.		Illustration	of	the	estimated	change	in	Moho	depth	resulting	from	local	compensation	of	the	change	in	basement	depth	on	crossing	the	Galapagos	Fracture	Zone	along	line	A4	in	Figure	9a.		
